In addition to lipid-lowering and cardiovascular protective actions, statins may have beneficial effects on insulin sensitivity. The objective of the present study was to evaluate the effect of simvastatin therapy on insulin resistance and on leptin, adiponectin, and Creactive protein (CRP) levels, as compared to metformin, in overweight pre-diabetic subjects. Forty-one subjects with BMI >25 kg/m 2 and impaired fasting glucose or impaired glucose tolerance were randomized to take simvastatin, 20 mg/day (N = 20) or metformin, 1.7 g/day (N = 21) for 16 weeks. Blood samples for the determination of metabolic, hormonal, and inflammatory parameters were obtained at baseline and after each treatment. After metformin therapy, significant reductions in mean BMI and waist circumference were observed, and after simvastatin treatment LDL and triglyceride levels were significantly reduced. Insulin resistance determined by the homeostasis model assessment decreased only with metformin. Independently of the type of medication, a significant decrease in CRP levels was detected from baseline to the end of the study. CRP showed a mean reduction of 0.12 ± 0.04 mg/dL (P = 0.002) over time. No change in leptin or adiponectin levels was induced by any therapy. The data suggest that a low dose of simvastatin does not affect insulin resistance in overweight pre-diabetic subjects and has no effect on leptin or adiponectin levels. Further studies including a larger sample size, higher doses of statins, and a placebo control group are necessary to confirm the present data.
Introduction
The benefits of lipid-lowering therapy for primary and secondary prevention of cardiovascular events have been extensively demonstrated, particularly concerning the use of statins (1) (2) (3) . Their beneficial effects have been mainly attributed to the reduction of circulating LDL-cholesterol levels and oxidized LDL, and to the increase of collagen content in the plaque matrix (4) . These actions retard the development of the atheroma and stabilize the plaque, minimizing the atherogenic process and thromboembolic events (4) . Several studies have shown the efficacy of statins in reducing cardiovascular mortality (3, 5) . Clinical trials in which statins were used as secondary prevention found the cardiovascular protective effect to be even higher in the subset of type 2 diabetic subjects (6) . As far as we know, a study on the metabolic benefits of statins including only pre-diabetic subjects has not been conducted.
Abnormalities in glucose metabolism such as insulin resistance and/or hyperinsulinemia have been considered to be independent cardiovascular risk factors (7) . It is possible that part of the cardiovascular benefits of statins for diabetic subjects may be due to their influence on insulin sensitivity in addition to their classical lipid-lowering effect. This hypothesis has been previously investigated and controversial results were obtained (8, 9) . Using several techniques to measure insulin resistance, some studies have suggested that simvastatin might improve insulin sensitivity (8) (9) (10) . Among the pleiotropic effects of statins, anti-inflammatory properties have been the most investigated (11, 12) and their cardiovascular protection has also been attributed to such actions (12, 13) . A reduction in the levels of adipocytokines such as TNF-α induced by statin therapy (14) could be a possible mechanism improving glucose metabolism in insulin-resistant subjects. However, the impact of statins on hormones implicated in insulin sensitivity has been poorly investigated.
The relationship between insulin and leptin (an adipose tissue-derived hormone) levels is well known, the latter being involved in the pathophysiology of insulin resistance (15) . Insulin-resistant obese subjects commonly exhibited hyperleptinemia that has been interpreted as a state of leptin resistance (16) . On the other hand, levels of a more recently identified hormone -adiponectin (17) , also secreted by adipocytes, are reduced in obesity and type 2 diabetes (16) . Additionally, adiponectin is associated with low triglyceride and high HDL-cholesterol levels independently of body weight (18) . A negative association of this hormone with Creactive protein (CRP) and fibrinogen has been demonstrated (19) . These anti-inflammatory effects of adiponectin are also typical of statin therapy, raising the hypothesis that such agents could act, at least in part, via adiponectin.
The effects of simvastatin on hormones involved in glucose metabolism (insulin, leptin and adiponectin) in pre-diabetic subjects have not been investigated. Conversely, the cardioprotective benefits of metformin (20) , as well as its potential to improve insulin sensitivity and to prevent overt type 2 diabetes (21), have been well documented in epidemiological studies.
The aim of the present study was to investigate the effects of a 16-week period of simvastatin treatment on insulin sensitivity and on leptin, adiponectin, and CRP levels, as compared with metformin, in two subsets of overweight pre-diabetic subjects. We hypothesized that, after simvastatin therapy, these insulin-resistant subjects could obtain hormonal benefits similar to those expected with metformin.
Subjects and Methods
Patients aged 18 to 70 years with a body mass index (BMI) of 25 to 40 kg/m 2 were recruited from the Metabolic Syndrome Outpatient Clinic of the Federal University of São Paulo. In order to include insulin-resistant subjects, those with a diagnosis of impaired fasting glucose or impaired glucose tolerance during an oral glucose tolerance test were selected (22) . Written informed consent was obtained from all participants and the study was approved by the Institutional Ethics Committee. Exclusion criteria were severe dyslipidemia (LDL-cholesterol ≥160 mg/dL and/or triglycerides ≥300 mg/ dL), unstable blood pressure (>140 x 90 mmHg), coronary artery disease, liver or kidney failure, secondary causes of obesity, allergy or adverse effects of simvastatin or metformin, and current use of medications known to affect inflammatory activity and/ or lipid and glucose metabolism (other than the agents under investigation). No formal sample calculation was done in advance. Statistical power was calculated a posteriori based on the results and main effects of the drugs investigated. The power of interaction effect was greater than 99.9% for LDL-cholesterol and equal to 78.6% for fasting plasma glucose. Of the 44 patients enrolled, 23 were randomized to take metformin and 21 to take simvastatin. Two patients discontinued metformin therapy due to adverse effects and one simvastatin-treated patient was lost to follow-up. The baseline characteristics of the dropout subjects and those who completed the study were not significantly different (data not shown).
Study protocol
This interventional open-label study with two parallel treatment groups -metformin or simvastatin -had a duration of 18 weeks, including a 2-week run-in period when patients received dietary counseling and were encouraged to practice physical activity. Screening laboratory tests included plasma glucose (fasting and 2 h after a 75-g glucose load), lipoproteins, aspartate aminotransferase, alanine aminotransferase, bilirubins, electrolytes, thyroid-stimulating hormone, and electrocardiogram. At randomization, blood samples were obtained for plasma glucose, lipid profile, CRP, insulin, leptin, and adiponectin determinations. Patients were then randomized (simple randomization) to receive metformin (Glifage ® ) 850 mg, twice a day, or simvastatin (Clinfar ® ) 20 mg, once a day; medications were provided by Merck S.A. (Rio de Janeiro, RJ, Brazil). The laboratory tests were repeated after 16 weeks of each therapy.
BMI was calculated as weight (kg) divided by height (m) squared; waist circumference was obtained at the umbilicus level. Blood pressure was measured with a standard sphygmomanometer after 5 min of rest in the sitting position. Hypertension was defined as systolic and/or diastolic blood pressure levels ≥140 x 90 mmHg or the use of antihypertensive medication.
Plasma glucose, bilirubins, enzymes, and electrolytes were determined by routine methods. Cholesterol contents of lipoprotein fractions and triglycerides were measured enzymatically and processed with an automatic analyzer. High sensitivity CRP was determined by a chemiluminescent immunometric assay (Immulite, DPC, Los Angeles, CA, USA), with sensitivity of 0.01 mg/dL, intra-assay coefficient of variation of 4.2-6.4%, and inter-assay coefficient of variation of 4.8-10.0%. Patients with CRP greater than 1 mg/dL were excluded from the analysis of inflammatory parameters since these levels denote clinical inflammation (23) . Sera were stored at -20°C for further hormonal determinations. Insulin was determined by a monoclonal antibody-based immunofluorimetric assay (AutoDelfia, Perkin Elmer Life Sciences Inc., Norton, OH, USA). Insulin resistance was determined by the homeostasis model assessment method according to Matthews et al. (24) and insulin sensitivity index (ISI 0,120 ) was determined by the method of Gutt et al. (25) . Leptin and adiponectin were determined by radioimmunoassay (Linco Research, St. Charles, MO, USA) with sensitivities of 0.5 and 1.0 ng/mL, respectively. The intra-and interassay CV was 3.4-8.3 and 3.0-6.2% for leptin and 1.8-6.2 and 6.9-9.2% for adiponectin.
Statistical analysis
Data are reported as means ± SD for numerical variables or as number and percent for categorical variables. The paired Student t-test was used to compare mean clinical and laboratory data between subgroups of patients according to the type of therapy. The effect of drugs over time was assessed by analysis of variance (ANOVA) for repeated measures. Correlation between variables was tested by the Pearson coefficient and 95% confidence intervals are presented. The level of significance was set at α = 0.05. Data analysis was performed using the Statistical Analysis System (SAS) software, version 8.02.
Results
Forty-one patients completed the study and their main baseline characteristics are detailed in Table 1 . Except for a higher mean BMI for the metformin-treated patients at baseline, the simvastatin and metformin groups were similar regarding sociodemographic data, frequency of hypertension and glucose metabolism disturbances, as well as mean values of blood pressure, fasting and 2-h plasma glucose, fasting insulin, leptin, adiponectin, and CRP. Table 2 presents a comparison between simvastatin and metformin delta values for the selected variables. As expected, when compared to simvastatin, metformin therapy resulted in significant reductions in mean BMI and fasting plasma glucose, whereas simvastatin treatment resulted in significantly reduced total and LDL-cholesterol levels. Aspartate aminotransferase and alanine aminotransferase did not change with either treatment (data not shown). Independently of medication type, a significant decrease in CRP levels was detected from baseline to the end of the study. CRP showed a mean reduction of 0.12 ± 0.04 mg/dL (P = 0.002) over time.
The insulin resistance index as determined by homeostasis model assessment decreased significantly only in metformintreated patients, whereas ISI 0,120 remained unchanged with both drugs (Table 2) . Mean leptin and adiponectin concentrations did not change in either treatment group (Table 2) .
Discussion
This study focused on poorly investigated aspects of statin and metformin therapies such as their impact on certain hormones (leptin and adiponectin), as well as on indices of insulin sensitivity. Since both medications -simvastatin and metforminmay have metabolic and cardiovascular benefits beyond their classical actions on glucose and lipid metabolism, the present study Data are reported as number, percent of patients or means ± SD. IFG = impaired fasting glycemia. *P < 0.05 compared to the metformin group (ANOVA for repeated measures).
investigated possible hormonal effects that could be useful for patients with mild metabolic abnormalities. However, no medication was associated with changes in adiponectin or leptin levels, nor did simvastatin improve insulin sensitivity in the study sample. The expected benefit of metformin for insulin resistance was detected. Our data also confirmed previous evidence (12, 13, 20) that both medications may have pleiotropic effects, since reduction in CRP was observed. In addition to the main mechanism by which statins reduce cardiovascular risk (lipid-lowering effect), their ability to decrease CRP could add important prognostic information to the atherogenic process (26) . CRP appears to be the strongest novel cardiovascular risk factor identified so far but also hyperinsulinemia and/or insulin resistance have been shown to be independently predictive of cardiovascular disease (7) . A potential link between atherosclerosis and disturbance of glucose metabolism may involve inflammatory factors. Whether any statin plays a relevant role in insulin sensitivity in insulin-resistant subjects has been poorly investigated. This hypothesis was raised based on the finding of a lower incidence of diabetes in subjects under statin therapies in epidemiological studies (27) . However, the findings of the present study did not support such a hypothesis, despite the reduction in the inflammatory marker CRP.
In contrast, many lines of evidence confirm that metformin improves insulin sensitivity and prevents diabetes in high-risk subjects (21) . In the present study, we selected a subset of patients who were supposed to achieve great benefits from the attenuation of insulin resistance. Overweight pre-diabetic patients are eligible for intervention in order to minimize cardiovascular risk. This was true for the subset treated with metformin in the present study, since reductions in BMI, plasma glucose and insulin resistance were observed. The lack of benefits for glucose metabolism with simvastatin thera- py could be attributed to limitations of the study design. The 20-mg dose may have been too low to demonstrate an improvement in insulin resistance; additionally, the techniques employed to measure insulin sensitivity may have been inappropriate considering the sample size. As a consequence of this negative finding, we were unable to investigate the possible involvement of hormones (leptin and adiponectin) in the benefits of statin for glucose metabolism, as proposed.
Compliance with the medications did not seem to be a limitation, since the main expected effects of the drugs (reduction in LDL-cholesterol by simvastatin and in plasma glucose by metformin) were verified. Therefore, we cannot exclude the possibility that simvastatin has truly no impact on insulin resistance. In type 2 diabetic subjects, some investigators found that simvastatin combined with ACE inhibitors or angiotensin receptor antagonists increased adiponectin levels and insulin sensitivity, but not when administered as monotherapy (28, 29) . Our findings are in the same line of other reports which did not show changes in leptin or adiponectin levels following isolated statin therapy in dyslipidemic or type 2 diabetic subjects (28) (29) (30) .
The expected action of metformin in improving insulin sensitivity was observed in the present study. Despite a metformin-induced weight loss and probably fat mass loss, this medication did not induce changes in leptin concentrations. Contrasting findings were observed in other studies which detected a reduction in leptin levels in obese type 2 diabetic patients (31) . Our inability to demonstrate an effect of metformin therapy on leptin and adiponectin levels in metabolic disturbed subjects is in agreement with other studies (32) (33) (34) . In fact, mechanisms underlying the improvement in insulin resistance induced by metformin seem to depend essentially on hepatic actions but not on adipose tissue, the main source of the latter hormones.
The lack of a placebo control group could be seen as a weak point of the present study.
In fact, such group could contribute to reaching a more definite interpretation of the mechanism of action of the drugs. However, it should be mentioned that the original objective of the present study was to compare drugs with distinct mechanisms of action on metabolism. The sample size could be a second limitation to adequately evaluate the impact of the drugs on hormonal parameters. Our data neither support that low-dose simvastatin could affect insulin resistance in overweight pre-diabetic subjects, nor show any effect of the drug on leptin or adiponectin levels. Therefore, the reported cardiovascular protective effect of statins seems to be independent of benefits for glucose metabolism. Attenuation of the inflammatory process induced by statin and metformin could be an additional mechanism improving cardiovascular risk. Further studies including larger samples and higher daily doses of medications are necessary.
